status tended to deteriorate slightly less in patients given linoleate than in those receiving oleate supplements, but while this was observed in the Belfast patients it was not found in London. In view of this difference it is impossible to make any useful judgement on whether linoleate treatment is likely to slow deterioration in multiple sclerosis. At first sight it may seem clinically unlikely that a treatmnent could reduce the severity of relapse but not the overall rate of deterioration, but it must be remembered that the latter will also depend on the extent to which recovery from relapse has taken place. A lack of correlation between relapse severity and long-term effect could also occur if, for instance, the treatment reduced secondary abnormalities at the time of relapse, an analogy being cerebral oedema associated with infarction.
A complication in interpretation is that patients seen in London (particularly those in the control group) had relatively short disease histories. However, even if relapses tend to be more frequent and more severe in patients with short histories we think it unlikely that there would have been as large a difference in severity between the linoleate and oleate treated groups in London as was observed.
The serial fatty acid estimations in the group receiving linoleate confirm the earlier finding (Belin et al., 1971) that there is no defect in the absorption of linoleate, in the doses used, in patients with multiple sclerosis. Despite assurances to the contrary it is possible that the one patient who did not show a rise in the serum linoleate level did not regularly take the supplements.
The dose of linoleate supplement, in the form of a 50% emulsion, was chosen arbitrarily but has been shown to cause a significant rise of the serum linoleate level. On the other hand, the dose of olive oil taken by the control group was deliberately lower, only 15% in a similarly flavoured emulsion. It was not possible to tell from taking the emulsion which oil was being administered, and they were similar in appearance. Serial fatty acid estimations in the control patients (table VI) showed that the olive oil emulsion, in the doses used, did not bring about any significant change in the serum fatty acid levels. Because of the absence of any significant change in serum fatty acid levels as a result of oleate supplementation it is more likely, therefore, that the linoleate supplements afforded a measure of protection during the two years of the trial, rather than that the increased intake of oleate was responsible for the greater number and severity of the relapses in the control group.
Our thanks are due to the Multiple Sclerosis Society for grants in support of this work, the Medical Research Council for their interest and advice in the initiation and design of this trial, and Macarthys Laboratories Ltd. for the preparation of the vegetable oil emulsions. We also wish to thank the pharmacy staff of the two hospitals for their help. Summary A descriptive epidemiological study of simple hypospadias-that is, hypospadias without coexisting malformation outside the genital system-in a birth population of 46,927 singleton males and 1,013 twin males showed that the condition was significantly more common (P < 0001) in uniovular twin males than in either singleton or binovular twin males. Also the temporal distribution of dates of conception had a significant cyclic pattern for each year of the study. Both observations are thought to support the view that gonadotrophin levels at stage 3 sexual organogenesis play an important part in normal masculinization of male external genitalia.
Introduction
Although the general attitude of the paediatrician has been to regard simple hypospadias as mainly a problem of reconstructive surgery (Aarskog, 1970) , there is evidence from workers in experimental embryology, cytogenetics, steroid biochemistry, and neonatal pathology that its importance may be greater than has been hitherto realized. Experiments by Jost (1948, 1965, 1966) (Campbell, 1963) regarded hypospadias as a mild form of pseudohermaphroditism, the latter being a condition where the gonad is a testis, but in which there are either gross remnants of the Mullerian structures or the appearance of the external genitalia is ambiguous.
In man, the situation is complicated by the fact that the placenta as well as the pituitary produces gonadotrophin. High concentrations of human chorionic gonadotrophin (HCG) in the blood of pregnant women coincide with the main period of sexual organogenesis (Wilson et al., 1949; Loraine, 1957) . Niemi et al. (1967) found that the maximal output of urinary HCG during pregnancy just precedes maximal enzyme activity in the testes of male fetuses in phase 3 organogenesis-that is, during growth of the external genitalia from 12-16 weeksand they suggested that HCG "may provide a very important stimulus at this time for masculinization of the male fetus." In this connexion Brody and Carlstrom (1965) showed that mothers with male fetuses have a significantly lower level of serum HCG in the last trimester of pregnancy than is the case with female fetuses. It is generally accepted that the fetus receives most of its gonadotrophin from the placenta. But studies of masculinization of the genital tract of male human fetuses thought to lack a normal functioning adenohypophysis (Ozawa, 1939; Blizzard and Alberts, 1956) as in anencephalics (Tuchmann-Duplessis, 1950; Bearn, 1959) have shown a trend towards hypoplastic external genitalia in these conditions. These observations considered with those made in rabbits by Jost suggest that the fetal pituitary plays a part in the determination of phenotypic sex.
Recently evidence has appeared that an external factor may also be involved in the aetiology of human simple hypospadias. Aarskog (1970) reported an analysis of 80 patients with hypospadias (most of whom had been referred for reconstructive surgery) in which he found that in five there was a history of maternal progestin treatment in early pregnancy. When the position of the urethral meatus was compared to the week of gestation at which progestin treatment was started there seemed to be a relation between the two; the more proximal openings were found in infants of mothers who had been treated in the first month of pregnancy.
In a careful genetic study Sorensen (1953) examined 1,510 relatives of 173 proband families and found a familial occurence in 28%. He also presented data on twin studies-11 pairs from his own study and 10 pairs from Lamy's (1952) (Richards and Lowe, 1971) . The area surveyed was defined by the county boundaries of Glamorgan and Monmouthshire and included four county boroughs-Cardiff, Merthyr Tydfil, Newport, and Swansea. For administrative purposes this part of South Wales is divided into 51 local authority areas. During the three years of the investigation 92,982 infants (live and stillborn) were born to women resident in these areas. Of these infants 90,921 were the outcome of singleton pregnancies and of these 46,927 were notified as males. The frequencies of defects quoted in this study are those ascertained by the second anniversary of the birth of the study population.
Results
During the period of the study there were 93 defects noted as simple hypospadias; 79 were glandular or coronal in site, 13 were penile, and one was perineal. In three subjects (two penile and one perineal) there was some doubt as to whether the baby was male or female but chromosome analysis confirmed that they were all gonadal males. An additional 17 cases (of whom five died within the first month of life) had one or more malformations outside the genital system (we have called these "complicated hypospadias" and have excluded them from the analysis presented in this paper).
Altogether, 79% of cases were notified by the end of the fourth week (only 2-7% were discovered as late as 12-14 months), the source of identification being birth notification (37%); obstetric unit (21%); paediatrician outside the obstetric unit (28%), and others (14%). The mean duration of gestation (277-7 days S.D. 22 2), birth weight (3-2 kg S.D. 0.75), proportion illegitimate, and proportion stillborn did not differ significantly among notified cases compared with all notified male singletons. The frequency of simple hypospadias was not found to be associated with either parity or maternal age.
Of the 93 cases notified 87 were singleton males (out of a total of 46,927) and six were twin pregnancy males (out of a total of 1,013). Assuming the same rates applied for twins as for singletons the probability of observing six or more twin pregnancy males with hypospadias in our sample is very low, P 0 01 (Poisson model).
Of the six twin males five came from three uniovular twin pairs and one from a binovular M./F. pair. Applying a binovularuniovular ratio of 2-3 to 1 (calculated from the Cardiff Birth Survey 1965-70) to our 1,013 twin pairs we estimated the binovular twin rate to be 1 4/1,000 and the uniovular rate to be 16 2/1,000. Assuming the same rates for uniovular and binovular twins as for singleton births the probability of observing five or more cases among the uniovular group is extremely low (P < 0-001).
The binovular rate is not significantly different from the singleton rate. These findings suggest that the risk of simple hypospadias is very much increased (about 8i times) in uniovular twin males compared with singletons.
A temporal analysis of the data for the period of the study showed a high frequency peak for winter conceptions which was significant on a simple chi-square; but further analysis showed that the temporal pattern was cyclic (rather than episodic) with a summer trough and a winter peak (the peaks and troughs separated by a six-month period). Two tests of cyclic behaviour were applied to the data and both gave significant results (P < 0001 and P < 005 respectively)-these being Edwards's (1961) test of harmonic pattern and the rank sum method (Hewitt etal., 1971) . These findings are further supported by a chart of observed over expected monthly frequencies for each year of the study, in which the cyclic pattern is evident for each year's data. 
Discussion
Evidence from familial case studies (Langard, 1884; Kemp, 1943; Schaefer and Erbes, 1950) , twin studies (Lehman, 1936; Rhodes, 1943; Lamy, 1953) , and Sorensen's (1953) proband study strongly suggest an important genetic component. But reports of discordance in uniovular twins (Camerer, 1938; Lamy, 1952; Sorensen, 1953; present study), evidence from animal studies, and reports that progesterone given in early pregnancy can virilize a female fetus (together with some evidence that it may feminize a male fetus (Aarskog, 1970) ) suggest that environmental factors also play an aetiological part.
Considering the findings among twins in this and previous studies, there are two distinct observations, each of which may be important. The first is the discordance in uniovular twins referred to above. The other, to which as yet no reference appears to have been made, is that the condition appears more frequently than would be expected among uniovular male twins. In Lamy's series six pairs were uniovular and only four binovular, in Sorensen's nine were uniovular and two binovular, and in our study three were uniovular and only one binovular. The combined ratio of uniovular to binovular pairs in these three series (18 7) compared with that found in the Cardiff Birth Survey (1: 2-3) strongly suggests that uniovular twinning and hypospadias are associated. Either the factor which predisposes to uniovular twinning also predisposes to hypospadias or there is something in the nature of uniovular twinning which has a feminizing effect. The peak gonadotrophin output coinciding with phase 3 organogenesis has already been referred to, as has the low serum HCG levels in mothers with male, compared with female, fetuses. The demands of two male fetuses may reduce the HCG levels still further, thus conceivably putting all male twins at risk. It is also possible that in the case of uniovular twins one placenta may not be able to meet the HCG requirements for masculinization of two male fetuses.
The association between season of birth and hypospadias was first studied by Sorensen (1953) in the search for a possible relation between hypospadias and infectious disease in the pregnant mother. He analysed 262 cases and found no evidence of seasonal variation. However, his sample was incomplete, comprised subjects born over a period of at least 60 years, and the analysis was done on dates of birth and not dates of conception. Leck and Record (1966) (Roberts et al., 1972) . The potent action of added illumination on pituitary function (increased day length) was first shown by Rowan (1925) who exposed finches in an outdoor aviary to additional light in the middle of a Canadian winter, thereby producing an increase in gonadal size. In mammals it is thought that the stimulus of light on the retina is transmitted through the optic nerves to alter the secretion of gonadotrophin through the hypothalamus (Clark et al., 1939 Goldman and Bongiovanni (1967) . Thus maximal proliferation of Leydig cells (believed to produce testosterone), the appearance of enzymes, and the peak levels of blood and urinary gonadotrophin all occur during phase 3 sexual organogenesis. What may be an important association between maternal progestin therapy and resultant pituitary gonadotrophin levels in humans has recently been described by Franchimont (1970) , who found that artificial progestins (such as those taken in the oral contraceptive) can significantly reduce circulatory blood levels of the luteinizing hormone component of gonadotrophin in the human subject for periods of up to two months and in some cases even longer.
A consideration of the evidence presented in this paper leads us to propose that feminization of male external genitalia occurs (perhaps in those with a low genetic threshold) when gonadotrophin levels (chorionic or pituitary) are low. We suggest that this situation could arise when a pregnant mother takes progestins early in pregnancy (as treatment for threatened abortion, to induce abortion, or is starting on the pill unaware that she is pregnant) or naturally during winter conceptions or consequent on uniovular twin pregnancy.
